The regulation of glucose uptake and its subsequent utilization is critical for the maintenance of glucose homeostasis. It is well established that glucose uptake is controlled by glucose transporter 
triposphate (ATP) stores is a consequence of impaired insulin glucose uptake
. Insulin, a major regulator of glucose metabolism increases glucose transport by stimulating insertion of Glut-4 from intracellular compartment to the cell surface [4] and further transition of Glut-4 to the plasma membrane fraction enriched by the caveolae [5] . Caveolae are small membrane invaginations on the surface of the cells that participate in membrane trafficking, sorting, transport and signal transduction. These caveolae are enriched in sphingolipids and cholesterol and form lipid rafts in the presence of structural proteins, the caveolins that serve as a marker for the caveolae [6, 7] . Mammalian caveolin family proteins caveolin 2 & 3) were found to be the major components of caveolae [8] . Cav-3 or M-caveolin is expressed in the muscle where as caveolin-1 is expressed in endothelial cells [9, 10] . Bucci et al. has shown that caveolin-1 serves as a primary structural component of caveolae and acts like a physiological inhibitor of eNOS [11] and further demonstrated that caveolin-1 expression is up-regulated in diabetic non-obese diabetic (NOD) mice [11] . Both exercise and insulin-mediated glucose uptake was found to be stimulated by nitric oxide [12, 13, 14] . AMPK, a serine-threonine kinase was shown to play an important role in regulation of cellular metabolism and as a mediator of glucose metabolism [15] . Chen [16] and Li et al. has shown the role of nitric oxide in AMPK-mediated glucose uptake and Glut-4 translocation [17] . In the same study Li et al. have also demonstrated that a relatively low concentration of nitric oxide donors stimulated Glut-4 translocation and increased glucose uptake in isolated heart papillary muscles [17] . We have shown recently that resveratrol (RSV) (a polyphenolic compound present in red wine) treatment increased myocardial function as well as reduced blood glucose level that may be mediated through nitric oxide [18] . We have also reported that RSVinduced Akt-/eNOS-mediated protection in the hypercholesterolaemic ischaemic myocardium [19] . Previous reports also demonstrated that RSV enhances nitric oxide production in endothelial cells [20] as well as in the heart [21] . It possesses many other biologic activities, including an oestrogenic activity [22] , antioxidant activity [23] , an anti-inflammatory function [24] , and a cancer chemopreventive property [25] 
et al. have demonstrated that activated AMPK phosphorylates eNOS both in vitro and during ischaemia in rat hearts

Immunoprecipitation for Cav-1/eNOS and Cav-3/GLUT-4 association
Caveolin-rich fractions (fractions 4-6) were used for immunoprecipitation. Immunoprecipitation was performed with protein-A and protein-G Sepharose beads from Amersham Biosciences (Piscataway, NJ) using a polyclonal antibody against Cav-1 and Cav-3 monoclonal antibody from Santa Cruz Biotechnology (Santa Cruz, CA). The procedure was carried out according to manufacturer's protocol. The caveolin-rich fractions (fractions 4-6) were immunoprecipitated with Cav-1 and Cav-3, which were re-blotted with eNOS and GLUT-4, respectively.
Western blot analysis for p-AMPK, AMPK, Cav-1, Cav-3, GLUT-4, p-eNOS, eNOS and p-Akt and Akt
To quantify the amount of Cav-1, Cav-3, GLUT-4 and phosphorylated and non-phosphorylated AMPK, eNOS and Akt in the cytosolic and lipid raft fractions, standard SDS-PAGE Western blot analysis was performed with the use of polyacrylamide electrophoretic gels (7%, 10% and 12%
; acrylamide-to-bis ratios depending on the molecular weight of the proteins) as described previously [19, 26] [26] . The sections were observed and pictures were taken using Confocal 410 microscope.
Statistical significance
Results are expressed as mean ± standard deviation of the mean (±SD). Differences between groups were tested for statistical significance by oneway analysis of variance (ANOVA) followed by Bonferoniís correction, to test for any differences between the mean values of all groups.
Results
Effect of resveratrol on glucose levels
In our present study, as we have shown earlier [18] (Fig. 1B) .
Effect of resveratrol on phosphorylation of Akt and AMPK levels
Decreased phosphorylation of Akt was observed in the diabetic group as compared to control group. RSV treatment increased Fig. 1 (A (Fig. 2B ). (Fig. 3B) . Fig. 3A (Fig. 4B) . Figure 5B . Fig.  6D ) and decrease in the Cav-3 (stained in green in Fig. 6E ) in the membrane of DM as compared to control. However, no significant co-localizaton of Cav-1/Cav-3 was observed in any of the groups (Fig. 6C, F and I ). On treatment with RSV, decreased Cav-1 (Fig. 6G) expression and increased Cav-3 expression was observed (Fig. 6H) as expected. Significant association of Cav-1/eNOS in the membrane was observed in the diabetic group (Fig. 7F) as compared to control (Fig. 7C) . On RSV treatment Cav-1/eNOS association was found to be decreased as compared to the diabetic group (Fig. 7I) . DM has shown decreased Glut-4 translocation to the membrane and association with caveolin-3 (Fig. 8F) as compared to control (Fig. 8C) . On RSV treatment, increased Glut-4 association with caveolin-3 was observed as compared to diabetic group (Fig. 8I) .
Fig. 2 (A) Western blot represents the p-Akt protein expression in caveolin/lipid raft fractions in control, diabetes mellitus (DM) and DM+RSV groups. Density value of p-Akt bands were normalized to level of Akt and expressed relative to control. Fractions 4-6 represent the membrane fractions and 8-12 represent the cytosolic fractions. (B) Protein expression levels of p-AMPK in cytosolic fractions of control, DM and DM+RSV groups. Density value of p-AMPK bands were normalized to level of AMPK and expressed relative to control. GAPDH was used as the loading control. n = 4 times
Effect of resveratrol on caveolin-1 and p-eNOS
Caveolin-1 level was found to be decreased under RSV treatment both in membrane (fractions 4-6) and cytosolic (fractions 8-12) fractions when compared to DM (Fig. 3A). Decreased phosphorylation of eNOS was observed in the diabetic group as compared to control group. RSV treatment increased the phosphorylation of eNOS (1.5-fold) as compared to DM group
Effect of resveratrol on caveolin-3 and Glut-4 expression
In contrast to caveolin-1 expression, caveolin-3 expression was found to be increased in RSV when compared to diabetic group (Fig. 4A). Caveolin-3 expression was increased both in membrane (fractions 4-6) and cytosolic fractions (fractions 8-12) under RSV treatment that is decreased in diabetic group. RSV treatment increased the expression of Glut-4 in membrane as well as cytosolic fractions when compared to DM. Increased Glut-4 in the membrane
Effect of resveratrol on Caveolin-3/Glut-4 and Caveolin-1/eNOS association
Immunoprecipitation assay was performed to show the association of caveolin-3/Glut-4 and caveolin-1/eNOS in the caveolar-rich fractions (fractions 4-6) during diabetes. Decreased association of Glut-4 and Cav-3 was observed in diabetic group as compared to control group (Fig. 5A). RSV treatment documented increased association of Glut-4 and Cav-3 as compared to DM. The increased Glut-4 translocation and its association with Cav-3 on RSV treatment might have resulted in increased glucose uptake. Immunoprecipitation of Cav-1 and immunoblotting with eNOS clearly demonstrated that in diabetic group eNOS is significantly associated with Cav-1 as shown in
Reduced eNOS phosphorylation in diabetic group as compared to control might be due to increased Cav-1/eNOS interaction or association that possibly made eNOS unavailable for its activation.
Immunohistochemical analysis of Cav-1/Cav-3, Cav-1/eNOS and Cav-3/Glut-4 association
Immunohistochemical analysis is shown in Figs 6-8 respectively. The immunohistochemical analysis documented significant increase in the expression of Cav-1 (stained in red in
Discussion
In the present study, we report hypoglycaemic effect of RSV and its role in regulation of myocardial [29] AMPK is a mediator of glucose metabolism [17] and is found to increase glucose transport by stimulating Glut-4 translocation to the sarcolemma in the heart [30] . It was previously reported that HepG2 cells treated with high glucose decreased phosphorylation of AMPK and its downstream target acetyl-CoA carboxylase (ACC) [31] and activation of AMPK by AICAR increased the translocation of Glut-4 in skeletal muscle [32] . Nitric oxide is a biological messenger synthesized in mammalian cells and nitric oxide-dependent glucose transport in skeletal muscle was reported after exercise-stimulation [33] 
